Background: Documentation of the effectiveness of sofosbuvir and ribavirin with or without pegylated interferon alfa for hepatitis C virus Genotype 3 (HCV GT3) is limited in a real world setting.
Introduction
Pakistan has the most astounding number of persons infected with active hepatitis C virus (HCV) infection among all nations other than China (1) . Yet, dissimilar to China, the aggregate number of infections is not declining. Most prevalent HCV genotype is 3 (GT3), which is present in 79% of cases (2, 3) .
Direct-acting antiviral agents (DAA) are now the standard care in patients with chronic hepatitis C infection (4) . The current treatment recommendations for HCV GT3 are based on several phase 2/3 clinical trials. Sofosbuvir, an NS5B polymerase inhibitor, has a pan-genotypic anti-HCV activity and emerged as an important component of currently available anti-HCV regimens. It has been shown that patients with Genotype 3 have a higher risk for all worse outcomes compared to Genotype 2 or 1 (5) . In registration trials, the effect of sofosbuvir containing regimens has been modest among patients with GT3 infection, especially in those with cirrhosis. As indicated by the VALANCE phase III study, the response to sofosbuvir and ribavirin in Genotype 3 (GT3) patients after 24 weeks of treatment was 94% (86/92) in non-cirrhotic treatment-naive persons, 92% (12/13) in cirrhotics treatment-naive, 87% (87/100) in noncirrhotic treatment-experienced patients, and 60% (27/45) in cirrhotic treatment-experienced patients (6) , The results of the Boson study showed that the treatment response in GT3 may be improved if pegylated interferon alfa (PEG-IFNα) is combined with ribavirin, and treatment duration may be shortened to 12 weeks like other genotypes (7) .
The real world data of treating GT3 patients with sofosbuvir-based regimens is limited. Sofosbuvir became available in Pakistan in 2014. Although Pakistan is a highly endemic area of HCV GT3 infection, no local study is available as the country was not chosen for clinical trials.
Objectives
The present study aimed at assessing the safety and efficacy of sofosbuvir containing regimes in a heterogeneous population of GT3 patients seen in daily practices. These patients were treated with sofosbuvir with ribavirin with or without pegylated interferon.
Methods
This retrospective observational study shares the efficacy of sofosbuvir and ribavirin with or without PEG-IFNα in a real world setting. Duration of treatment was 24 weeks for dual therapy and 12 weeks for triple therapy with a posttreatment follow-up of 12 weeks. Treatment options were discussed with the patients. Triple therapy was offered to the interferon eligible patients. Patients who were not willing to receive pegylated interferon injections or interferon ineligible were given dual therapy.
The participants of this study were a diverse population of treatment naive and treatment experienced HCV GT3 patients, both nonresponders and relapsers to the PEG-IFNα and ribavirin therapy. Diagnosis of clinical cirrhosis was based on clinical findings, laboratory parameters upper abdominal sonography, endoscopy and transient elastography in some cases. Inclusion criteria for starting treatment were age older than 18 years, reactive anti-HCV antibody, and measureable serum HCV RNA at enrolment by real time PCR, patients with compensated liver disease at the time of initiating treatment, hemoglobin > 11.0 g/dL for males and > 10.0 g/dL for females at screening, total leucocyte count > 3.0 × 10 9 /L, and neutrophils > 1.5 × 10 9 /L, platelets > 50 × 10 9 /L for dual therapy and 80 × 10 9 L for triple therapy, serum creatinine level < 1.5 mg/dL, will of receiving and adhering to the treatment, and no contraindications to the therapy. Exclusion criteria were patients coinfected with hepatitis B or human immunodeficiency virus, decompensated liver disease at the time of initiation of treatment, history or proof of a medical condition associated with chronic liver disease (eg, toxin exposures, thalassemia, hemochromatosis, Wilson's disease, Alpha1 antitrypsin deficiency), autoimmune hepatitis, alcoholic liver disease, pregnant or breast feeding women, alcohol or drug abuse, and severe cardiopulmonary disease.
Sofosbuvir (Sovaldi, Gilead Sciences, Inc. Foster City, CA 94404) was given in a dose of 400 mg per day, and ribavirin dose was 500 mg twice a day for patients less than 75 kg of body weight and 600 mg twice a day for patients over 75 kg. The dose of PEG-IFNα-2a (Ropegra, F. Hoffmann-La Roche Ltd, Basel) was 180 µg weekly ad for PEG-IFNα-2b (PegIntron Merck and Co., Inc., Whitehouse Station, NJ 08889, USA) 1.5 µg/kg of body weight.
Primary endpoint was negative HCV RNA 12 weeks after the completion of treatment (SVR12). Secondary end points were rapid viral response (RVR), HCV-PCR below the detectable limits at 4 weeks after initiation of treatment and end of treatment response (ETR), and HCV-PCR below the detectable limits at the end of the treatment. Treatment failure was defined as nonresponse; ie, detectable HCV RNA at the end of treatment. Relapse was defined as reappearance of HCV RNA at 12 weeks post treatment in patients who achieved ETR. Stopping treatment because of any reason, lost to follow-up, and dropouts were considered as treatment failure (Figure 1) .
The patients were instructed with respect to administration of oral treatment and subcutaneous pegylated interferon, predictable adverse events, timetable for laboratory monitoring, and clinic follow-up. Patients were assessed as outpatients for wellbeing, side effects, and adequacy at regular intervals amid treatment every 4 weeks during treatment, end of treatment, and at 12 weeks posttreatment. At each visit, biochemistry and complete blood counts were assessed. RNA was extracted from the specimens and examined using COBAS TaqMan Analyzer v2. 0 (Roche Molecular Systems, Inc., Branchburg, NJ, 08876 USA) with a lower cutoff of recognition 15 IU/mL. HCV RNA levels were measured at baseline, 4 weeks, end of treatment, and end of follow-up.
Adverse events and laboratory parameters were noted. A drop of Hb% more than 2 g/dL within 8 weeks of initiation of antiviral therapy was managed by erythropoietin, followed by dose reduction of ribavirin if needed. After 8 weeks of antiviral therapy, ribavirin dose reduction was tried first, followed by erythropoietin if needed. A drop of neutrophil count to less than 1000/mm3 was dealt by subcutaneous filgrastim. The platelet count of 25,000 -50,000/mm 3 was managed by interferon dose reduction.
Statistical Analysis
Evidences were stated as the number of participants with percentages for nominal variables and were compared by chi-square or Fisher's exact test. Continuous variables were displayed as mean with standard deviation, and compared using Mann-Whitney U test. Binary logistic regression analysis was used to define independent factors associated with SVR12. Statistical analyses were conducted using SPSS 23.0 software (IBM SPSS Statistics, New York, NY, United States). All tests were 2-tailed and a P value < 0.05 was set for statistical significance.
Results
Among HCV GT3 treated patients during 2015 and 2016, 241 patients reached the end of analysis at the time of writing this manuscript, 175 were treated with sofosbuvir and ribavirin, and 66 patients with sofosbuvir, ribavirin, and PEG-IFNa. The mean age of the patients was 46.6 years, ranging from 20 to 72; of the patients, 136 (56.4%) were male, clinical cirrhosis was present in 151 (62.7%), and 98 patients were treatment experienced (40.7%). Baseline investigations were as follow: haemoglobin 12.9 ± 1.9 g/dL, 2
Hepat Mon. 2017; 17(4):e45525. Demographic and baseline clinical characteristics of the patients in the 2 groups and response to the treatment are demonstrated in Table 1 . As expected, triple therapy, which included pegylated interferon, was avoided in patients with advanced disease or a history of previous decompensation. There was no noteworthy difference in the response towards the end of treatment and end of followup. Between the 2 groups, SVR12 rates did not differ significantly in patients with or without cirrhosis or a history of previous treatment. Combining data of the 2 groups, treatment naive status, absence of clinical cirrhosis, and undetectable HCV RNA at week 4 were associated with SVR12. Binary logistic regression analysis maintained undetectable HCV RNA at week 4 as an independent parameter predicting SVR12 (P = 0. 001).
The common adverse effects experienced by the patients who received the sofosbuvir-ribavirin therapy were fatigue (21.7%), body aches (13.7%), dyspepsia (12.5%), fever (6.8%), insomnia (5.7%), and headache (5.1%). Common adverse effects of sofosbuvir-ribavirin plus pegylated interferon were body aches (24%), dyspepsia (18%), fatigue (15%), and fever (15%). These side effects did not require a dose reduction. Serious adverse events were reported more in patients receiving dual therapy because this group included patients with a history of previous decompensation. Anemia requiring erythropoietin and transient dose reduction of ribavirin was observed in 10 (5.7%) patients with dual therapy and 1 (1.5%) patient with triple therapy. One patient on dual therapy with severe anemia received blood transfusion, and 7 patients (10.6%) in the triple therapy group required filgrastim to treat transient leucopenia. Severe thrombocytopenia occurred in 3 (1.7%) patients with dual therapy and 4(6%) with triple therapy, 9 (5.1%) developed ascites, and 2 (1.1%) hepatic encephalopathy in the dual therapy group. Mild ascites and encephalopathy were managed with diuretics and lactulose, respectively. Therapy was discontinued in 2 patients who received dual therapy, 1 patient developed advanced encephalopathy, and the second one severe ascites. Treatment was stopped in 1 patient who received triple therapy due to severe thrombocytopenia.
Discussion
Studies that evaluated sofosbuvir with ribavirin given for 12 weeks among different GT3 patient groups had SVR12 rates of 19% to 56% (8, 9) 8.9. Response rates were lower in patients with cirrhosis compared to noncirrhotic patients. In the VALENCE trial by Zeuzem et al. 85% of the patients had SVR12 when sofosbuvir and ribavirin were given for 24 weeks (6) . Response rates were 91% and 68% among those without and with cirrhosis. As evident by these trials, the basic problem was to deal with the treatment of patients with cirrhosis, especially those who had already been treated before. In our study, in those patients who received sofosbuvir and ribavirin dual therapy (n = 175), the response rate was 77.2% among patients with cirrhosis compared to 92.3% who did not have clinical cirrhosis (P = 0.019). These better results from the dual therapy in our patients with cirrhosis are promising as this group had a significant number of patients who had a previous history of decompensation. Whether the better response was due to ethnicity or the response differed in higher endemic areas for GT3 need to be further evaluated. The Boson study showed that the triple therapy of so-fosbuvir, ribavirin, and PEG-IFNα for 12 weeks was better than dual therapy of sofosbuvir and ribavirin given for 24 weeks in all categories of GT3 infected patients (7). SVR12 was 84% among patients receiving 24 weeks of sofosbuvir and ribavirin, and 93% in those receiving sofosbuvir, ribavirin, and PEG IFNα. In treatment experienced cirrhotic patients, SVR12 decreased to 77% in patients who received dual therapy compared to 86% who received triple therapy. In our study, SVR12 were 81.7% among all patients who received dual therapy and 84.8% patients who received triple therapy. Lower response rates in our cohort may be due to the presence of a large proportion of patients with cirrhosis. Response rates decreased to 65.5% in our treatment experienced cirrhotic patients who received dual therapy compared to 78.6% who received triple therapy. However, it could not reach a statistically significant difference perhaps due to a smaller number of patients in the triple therapy group. Thus, our data could not replicate similar superior results for all categories of triple therapy recipients. A recent real world study has a similar conclusion; however, their sample size for GT3 patients was much smaller than our study (10) . Although triple therapy is of shorter duration, it cannot be offered to patients who had previously decompensated or where hematology parameters are unfavourable for interferon therapy. Acceptance of injection based therapy is low due to hatred and fear for injections and its side effects. The option of interferon-based therapy can only be used for motivated interferon eligible patients. Moreover, the acceptance of injection based regimen is expected to be low in pegylated interferon treatment experienced patients due to reminiscences of adverse events. This has led to the asymmetry between the 2 treatment groups in our study as well. Ribavirin is again not a good drug due to its major side effect of causing anemia. More data are needed to formulate guidance for GT3 patients in our setting because SVR rates remain < 90% from available regimens, highlighting the need for better options. Recent strategies are to add on additional DAAs to sofosbuvir including velpatasvir, daclatasvir, or grazoprevir plus elbasvir (11) (12) (13) . Current AASLD / IDSA guidance has already mentioned that both of our study regimens may not be recommended when newly approved DAAs are available (4). Because sofosbuvir is the only DAA registered in our country, it will continue to be used in our and many other countries. The cost will be another issue even when other DAAs become available.
The sofosbuvir and ribavirin combination with or without PEG-IFNα showed a fair safety profile in our both cirrhotic and noncirrhotic patients. The side effects were manageable in most of the cases. Although decompensation occurs in some patients, our cohort had a good number of patients with previous history of decompensation. Ribavirin related anemia was managed either by giving erythropoietin or reducing the dose. Recurrence of ascites was managed by addition of diuretics. Thus, closer monitoring may be needed for patients with advanced cirrhosis and portal hypertension.
The development of DAA has dramatically improved tolerability of treatment and cure rates. With the availability of sofosbuvir, we were able to manage patients who could not be treated previously due to medical or psychiatric contraindications or an inability to tolerate pegylated interferon. Elimination of hepatitis C is now feasible in the next 2 decades through an aggressive national strategy that combines prevention, screening, and treatment. With this aggressive approach, 90% reduction in the total number of viremic individuals is expected by 2030 (14) . This is only possible if safe and potent newer DAAs would be available at affordable prices.
In conclusion, overall SVR12 in the real world HCV GT3 patients was 82.6% across 2 regimens and various patient groups. SVR12 was achieved in 143 (81.7%) patients with dual therapy and 56 (84.8%) with triple therapy. Both regimens were effective and well-tolerated by patients. Between the 2 groups, SVR12 rates did not differ significantly in patients with or without cirrhosis or a history of previous treatment. However, as it was an analysis of nonrandomized data, our comparison of SVR rates between the 2 regimens had its limitations. The therapy achieved a lower SVR12 compared to ideal treatment outcomes of greater than 90%. Treatment-experienced cirrhotic GT3 patients are among the most difficult to treat. Use of PEG-IFNα may be considered in the compensated disease until effective and affordable DAA combinations become available. Our findings highlight the need for establishing alternative treatment strategies for HCV GT3 patients.
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